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Abstract

Background: Primary aim of this study is to the determine relationship between BMI and BF% in
Singaporean adults, derive a prediction model to estimate BF%, and to report population BF%. Secondary
aim is to determine the prevalence of overweight and obesity based on BF% threshold and the new risk
categories for obesity in Singaporean population.

Methods: This is a population-based study of 542 community-dwelling Singaporeans (21-90 years old,
43.1% men). Anthropometry, body composition, and questionnaire-based lifestyle factors were assessed.
Relationship between BMI and BF% were analysed using multiple regression model. Prevalence of
overweight and obesity were estimated using WHO and Singapore Ministry of Health (MOH) Clinical
Practice Guidelines BMI classification, BF% of 25% and 35% for men and women .

Results: We derived a prediction model to estimate BF% based on BMI, age, sex and ethnicity. The current
cohort of Singaporeans have higher BF% at matching BMI, age and sex than Caucasians, and a
Singaporean cohort from 20 years ago. The overall population-adjusted prevalence of obesity according
to WHO International classification (BMI 230kg/m?) was 12.9% (14.9% men; 11.0% women); and 26.6%
(30.7% men; 22.8% women) according to MOH classification (BMI 227.5kg/m?). However, using BF% cut-
off (>25% for men and >35% for women), prevalence of obesity increased to 82.0% (80.2% men; 83.8%
women).

Conclusion: There appears to be a large discrepancy between BF% and BMI measured obesity in
Singaporean adults. The results confirmed that Singaporean adults have higher BF% at lower BMI
compared to Caucasians; and that BF% in our population have increased over two decades.

1. Introduction

Obesity is a complex and chronic condition(1), and has long been associated with elevated risks of
mortality, cardiovascular diseases, diabetes, and cancer(2). Obesity is known to increase with age; and is
associated with heavier health and economic burden in ageing populations(2). In 2016, WHO reported the
global prevalence of obesity at 11% in men and 15% in women(3). The prevalence of obesity in Asia (2-2-
6-8%) was much lower than the 30-2% in the US(4). Southeast Asia, despite having some of the lowest
prevalence of obesity globally, has been experiencing increasing trend in prevalence over the last
decade(5). Yet, there is still no consensus on body mass index (BMI) or percentage body fat (BF%)
definition of obesity for Asians.

BMI has long been a measure to define obesity in adults. WHO recommends an international BMI cut-off
point classification for adults, where overweight is classified as having BMI 25-29-9kg/m? and obesity
classified as having BMI 230kg/m?(6). However, having an universal BMI cut-off for obesity is not
appropriate, as these cut-off points were derived from studies on the relationship between BMI, morbidity
and mortality in the Western populations(6, 7). The relationship between BMI, BF%, and body fat
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distribution differ with ethnicity(8, 9). Some Asian populations have higher prevalence of type 2 diabetes
(T2DM) and increased cardiovascular risk at lower BMI values compared to Caucasians(10). In the 2004
WHO expert consultation to establish appropriate BMI for Asian populations, experts agreed to retain the
international BMI cut-off points for Asian populations due to the diverse ethnicity and wide range of cut-
off point observed within the Asian population, and further suggested cut-off points of 23, 27-5, 32-5 and
37-5kg/m? to be added as point for public health actions(10). In the current Ministry of Health (MOH)
Clinical Practice Guidelines, Singapore adopted the cut-off point of 23kg/m? for overweight, and
27-5kg/m? for obesity(11).

The clinical definition of obesity is the accumulation of excess body fat to the extent that it may have
adverse effects on health(12). Therefore, it is crucial to determine the threshold of body fat that is
associated with increased adverse health risk. The commonly used BMI, which is the ratio of body weight
over height squared, is not a good indicator of body fat, as body weight is primarily made up of fat mass
and fat-free mass. Therefore, a better measure of obesity should be based on an individual's percentage
body fat (BF%). Various methods have been developed to measure BF%, including densitometry, dilution
technique and dual energy X-ray absorptiometry (DXA). While WHO has a clear BMI cut-off for defining
obesity, there is no clear consensus on the threshold for BF% for overweight and obesity. Previous studies
have suggested that BF% greater than 25% for men and 35% for women is the threshold for diagnosing
obesity, which were derived from corresponding BMI of 30kg/m? in Caucasians(13-15).

In a previous study, Singaporean Chinese was found to have higher cardiovascular risk at low levels of
BMI(16). Relationship between BMI and BF% in Singaporeans was found to be different from
Caucasians, and also among the three major ethnic groups(17). However, these studies were conducted
20 years ago. In the recent WHO World Health Statistics, the Singapore population was found to have
similar mortality rate from cardiovascular diseases as Western populations(18). With the increase in
mean BMI in Asian populations(5), the relationship between BMI and BF% among Singaporeans have
likely changed. The Singapore Burden of Disease study reported that overweight and obesity rose from
the eighth to the fifth leading risk factor affecting health between 1990 and 2017(19). As Singapore had
adopted the use of the new risk categories for obesity in Asian population(20), the prevalence of obesity
based on the new risk categories should be studied. The primary aim of this study is to the determine
relationship between BMI and BF% in the multi-ethnic (Chinese, Malay and Indian) population of
Singapore, derive a prediction model to estimate BF%, and to report population BF%. The secondary aim
is to determine the prevalence of overweight and obesity based on BF% threshold and the new risk
categories for obesity in our population.

2. Methods
2-1 Settings

Participants were recruited among community-dwelling adults (=21 years) from a large north-eastern
residential town of Yishun in Singapore, with residential population of 220,320 (49-:4% men), with 12:2%
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older adults (=65 years)(21). This is similar to the overall Singapore residential population of 4-02 million
(48-9% men), with 14-4% older adults (=65 years)(21).

2-2 Participants

Random sampling methodology was employed to obtain a representative sample of approximately 300
male and 300 female participants, filling quotas of 20-40 participants in each sex- and age-group (10-year
age-groups between 21-60 years; 5-year age-groups after 60 years). Conventionally, the sample size of 30
or greater per age-group is sufficient for normative measures(22). Between October 2017 and February
2019, using a two-stage random sampling method, 50% of all housing blocks were randomly selected,
and a random 20% of the units in each block were approached for participant recruitment. Between
March and November 2019, 50% of all housing blocks were randomly selected and all units were
approached. Up to three eligible participants were recruited from each housing unit using a door-to-door
recruitment method. Non-response units were re-contacted a second time at a different time of day on a
later date. Older adults above 75 years old were additionally recruited through community sources and
from a list of registered participants in four senior activity centres. Exclusion criteria were: individuals
with disabilities, injuries, fractures or surgeries that affected function, neuromuscular, neurological and
cognitive impairments, or more than five poorly controlled comorbidities. Pregnant women or those
planning for pregnancy were also excluded. The estimated overall response rate was 39-:0%. Ethics
approval was obtained from the National Healthcare Group Domain Specific Review Board
(2017/00212). All respondents signed informed consent before their participation in the study.

2-3 Measurements and data collection

Participants answered a socioeconomic and lifestyle questionnaire pertaining to education level, housing
type, living arrangement, marital status, history of tobacco use (smoking) and alcohol use, a health and
medical questionnaire indicating history of medical conditions and comorbidities, the mini nutritional
assessment short form (MNA-SF)(23), a global physical activity questionnaire(24), and the LASA physical
activity questionnaire(25).

Body weight to the nearest 0-1kg and height to the nearest 0.1cm were measured using a digital balance
and stadiometer (Seca, GmbH & Co. KG, Hamburg, Germany). Waist and hip circumferences were
measured using a non-elastic, flexible measuring tape around the navel and widest part of the hips
respectively. All participants underwent a DXA scan of the whole body (Hologic Discovery Wi, Hologic,
Marlborough, MA, USA). The DXA scan was conducted by experienced radiographers. Body composition
information - lean mass, fat mass, and bone mineral content, were obtained from the scan.

2:4 Overweight and Obesity

Classification of overweight and obesity by BMI were derived using WHO international criteria(6), and
Singapore MOH Obesity Clinical Practice Guidelines(10, 11). Overweight and obesity were defined

internationally as having a BMI 25-:0-29-9kg/m?, and BMI 30-0kg/m?, respectively. Singapore MOH

Page 4/15



Clinical Practice Guidelines defined overweight as BMI 23-0-27-4kg/m? and obesity as BMI 227-5kg/m?.
The BF% cut-off points for obesity was set at 25% for men, and 35% for women(6, 13, 26). Waist
circumference (WC) for abdominal obesity was defined as above 80cm for women, and above 90cm for
men in Singapore(11).

2-5 Statistical analysis

All statistical analyses were performed using SPSS Statistics version 22:0 (IBM, Armonk, NY, USA).
Relationship between BMI and BF% was analysed using multiple regression model. BF% was considered
the dependent variable; 1/BMlI, age, and ethnicity were independent variable. Data was analysed
separately by sex. In exploratory analysis, the relationship between BMI and BF% was not linear, hence
1/BMl variable was used to linearise the data and to avoid the need for logarithmic conversion or the
inclusion of power(27, 28). Potential interaction variables were explored in model development and a
forward-backward stepwise procedure was utilised for the development of the prediction equation
models. The dummy variables for ethnicity were E; and E,. For Chinese E; = 1 and E, = 0, for Malays E; =
0 and E, = 1, and for Indians E; = 0 and E, = 0. Values are presented as mean * SD, unless otherwise
stated.

3. Results
3-1 Subjects

A total of 542 participants (43-1% men) aged 21 years and above were recruited for the study. Due to
incomplete data from five participants, data from the remaining 537 participants (81:6% Chinese, 8:9%
Malay, 6:7% Indians, and 2-:8% from other races) were analysed. The ethnic distribution is similar to that
of Singapore's population (21). For the BF% prediction equation model, only data from the three major
ethnic groups are analysed. Table 1 shows the demographic characteristics of the participants. As
expected, men were taller and heavier, had lower BF%, higher fat-free mass, lower fat mass, and higher
bone mineral content (P<0-005). BMI was not significantly different between men and women (P=0-071).
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Table 1 Participant Demographic Characteristics

Variable Men Women P value
Number of participants 229 308

Age (yr) 589 +19-1 584 +185 0-736
Number of participants by age group

21-29 25 30

30-39 26 30

40-49 22 40

50-59 18 41

60-04 29 27

65-69 22 36

70-74 28 27

75-79 32 34

80+ 27 43

Weight (kg) 70-2 + 154 588+ 109 <0-001
Height (cm) 1666 + 7.1 155-:0 =64 <0-001
Waist Circumference (cm) 914 +154 81-6+10-8 <0-001
Overall BMI (kg/m?) 252+4.9 24.5+4.2 0-071
BMI by age-group

21-29 27-1+8-2 22-5+4-5

30-39 28-0+6-7 24-4+4.7

40-49 27-2+3-8 25-7+4-3

50-59 25-7+3-2 25-7+5-5

60-04 24.0+2-9 24-4+3-6

65-69 24-1+3-4 25-0+3-0

70-74 24.2+3-2 22-9+3-7

75-79 23-7+3-0 25-0+3-5

80+ 23-4+4.1 24-3+4-0

Overall Body Fat Percentage (%) 3000 +5.7 39.7+52 <0-001
Body Fat Percentage by age-group

21-29 29-6+8-1 37-0+6-4

30-39 29-7+6-7 37-7+5-7

40-49 31.0+4-8  39-2+4.7

50-59 28-0+4-3  40-0%4.5

60-64 29-1+5-1  40-9+4.9

65-69 30-0+5-0  41.0+4-1

70-74 30-9+5-8  39-3%5.0

75-79 30-3+4-9  41.2+5.1

80+ 31-3+5-4 40-6+5-5

Fat mass (kg) 21-0+ 82 23-2+6:6 <0-005
Fat mass Index (kg/m2) 7-6 +2-9 9.7+ 2.7 <0-001
Fat-free mass (kg) 45.1 +89 32650 <0-001
Fat-free mass index (kg/m?2) 16.2+2-3 136+1.8 <0-001
Bone mineral content (kg) 2:40 + 043 1-88+0-36 <0-001

Values are mean + standard deviation, or actual number of participants
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3:2 Relationship between BMI and BF%

The relationship between BMI and BF% was curvilinear (Figure 1A). We replaced BMI with 1/BMI as the
independent variable to linearize the relationship (Figure 1B & C). The regression models with 1/BMI
provided higher multiple R and SEE values, compared to logarithmic transformed BMI values, as was
reported previously(29). Table 2 shows the regression coefficients of the stepwise multiple regression.
The final prediction equation derived was,

Men: Percentage Body Fat = 51-156 + 0-091 (Age) — 1-993 (E;) — 2:411 (E,) — 606-924 (1/BMI)
Women: Percentage Body Fat = 60-993 + 0-051 (Age) — 2:881 (E;) — 3:094 (E,) — 514-659 (1/BMI)

where multiple R = 0.73, SEE = 3.69% body fat for men (p<0.05), and multiple R = 0.75 and SEE = 3.45%
body fat for women (p<0.05). Based on the estimated parameters of these equations, BF% values
corresponding with BMI for men and women were derived (Table 3). Estimated BF% of White, Japanese,
and Vietnamese were derived from studies that published ethnicity specific equation models(29, 30).
Comparing estimated BF% from this study and from the 1998 National Heath Survey using equations
published(17), men and women in 1998 were found to have lower BF% across all ages, ethnicity, and BMI

categories, except for BMI 35:0kg/m? and above (Supplementary Table).

Table 2 Regression coefficient of the stepwise multiple regression of body fat percentage as dependent
variable

1/BMI Age E, E; Intercept
B SE B SE B SE B SE B SE SEE
Men
-545-136 43-194 - - - - - - 52-181 1-802 4-06
-614-186 40-939 0-090 0-014 - - - - 49-692 1-693 3.72
-601-503 41-768 0-094 0-014 -0-998 0-690 - - 49.767 1-690 3-71
-606-924 41-573 0-091 0.-014 -1.993 0-846 -2-411 1-201 51-156 1-815 3-69
Women
-547-657 30-283 - - - - - - 62:696 1-292 3-63
-534-780 29-662 0-046 0-011 - - - - 59-483 1476 3-54
-513-490 30-832 0-051 0-011 -1.285 0-550 - - 59-342 1467 3-51
-514-639 30-326 0-051 0-011 -2-881 0-721 -3-:094 0-924 60-993 1.-542 345

1/BMI: 1 divided by Body Mass Index; Ethnicity - Chinese: E; = 1 and E, = 0; Malay: E; = 0 and E, = 1; Indian:
E; = 0 and E, = 0; SEE: Standard Error of Estimate
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Table 3 Estimated body fat percentage based on BMI of Singapore Chinese, Malay and Indian, compared with
other ethnicities

Men Women

BMIof BMI BMI BMI BMI BMIof BMI BMI BMI BMI
185 of25 of30 of35 of40 185 of25 of30 of35 of40

20-39y
Chinese 19-1 27-6 317 346 368 31-8 391 425 449  46.8
Malay 18.7 272 31.3 342 364 31-6 38.8 423 448 465
Indian 21-1 296 337 366 387 34.7 42.0 454  47-8  49.7
White?2? 14.5 239 29.8 333 359 26-9 37.0 418 452  47.7
Japanese?? 12-8 232 281 316 343 24-6 352 402 438 465
Vietnamese3° 18-3 265 29.8 306 2838 29-2 37-4 407 415  39.7

40-59y
Chinese 209 294 335 364 385 32.8 40-1 435 460 478
Malay 20-5 290 331 360 381 32-6 39.9 433 458 476
Indian 22.9 3144 355 384 405 35.7 43.0 463 488 506
White?2? 15-6 2544 300 333 358 27-5 37-4 422 456 481
Japanese?? 13-4 23-8 287 322 349 25 355 402 441 46-8
Vietnamese3? 19-1 272 305 315 29.7 30-1 385 418 424 406

60-79y
Chinese 22.7 31-:3 353 382 404 33.9 41-1 446  47-0 488
Malay 22-3 308 349 378 399 33-6 409 444 468 486
Indian 24.7 333 373 402 424 36-7 44.0 474 499  51.7
White?2? 19-0 280 323 353 376 31-0 39.9 441 471 49.4
Japanese?? 139 24-3 293 328 354 25-3 358 409 444 471
Vietnamese3?  20-1 282 316 324 306 31-0 39-1 425 433 415

Estimated body fat percentage calculated centering on the ages of 30, 50, and 70 years.

3:3 Prevalence of overweight and obesity

The prevalence of overweight and obesity are presented in Table 4. According to WHO International BMI
classification, the overall population-adjusted prevalence of overweight was 34-:4% (39-1% men; 29-9%
women), and obesity was 12:9% (14:9% men; 11-:0% women). Using the MOH classification, the
prevalence of overweight was 41-:8% (44-5% men; 39-3% women) and obesity 26:6% (30-7% men; 22-8%
women). Using WHO proposed BF% cut-off, prevalence of obesity increased to 82:0% overall (80-2% men;
83-8% women). Using WC criteria, prevalence of abdominal obesity was 59:1% (55-7% men; 62:3%
women).
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Table 4 Sample and population-age adjusted prevalence of overweight and obesity based on BMI, BF and WC

Sample Estimates Population-Adjusted Estimates
Overall 21-59yrs =60yrs =65yrs =75yrs Overall 21-59yrs =60yrs =65yrs =75yrs
Total
Overweight 339 32:3 349 327 30-1 34-4 334 37-0 334 30-0
Obese 9-5 159 4.6 4-8 6-6 12-9 16-2 37 37 6-5
BF% 83-2 81-0 84-4 85-3 83-8 82-0 80-9 85-2 87-5 84-0
wC 63-9 55-2 70-0 70-9 70-6 59-1 55-6 68-8 69-9 70-2
OWwmon 42-8 39-2 45-3 442 45-6 41-8 40-8 46-0 442 454
OByon 21-8 29-3 16-0 15-5 14-0 26-6 30-3 16-3 15-4 14-0
Men
Overweight 37-6 39-6 36-2 32-1 29-3 391 39-3 38-6 31-8 285
Obese 9-6 19-8 29 3.7 34 14-9 19-4 2-0 3-0 34
BF% 812 79-1 826 85-3 81-0 80-2 79-1 83-2 88-9 80-2
wWC 54-1 54-9 53-6 54-1 50-0 55-7 56-7 52-9 53-6 491
OWwmon 454 41-8 47-8 45-0 431 44-5 42-6 50-0 455 41-8
OBpmon 21-8 37-4 11-6 11-0 8-6 30-7 37-4 11-6 10-4 8-7
Women
Overweight 31-2 27-7 341 336 31-2 299 27-8 355 349 31-2
Obese 94 13-5 6-0 5.7 91 11-0 131 5-2 4.2 89
BF% 847 82-3 86-8 86-4 87-0 83-8 826 87-1 86-2 86-9
wC 71-1 55-3 84-4 85-0 87-0 62-3 54-6 834 84-3 86-9
OWnon 40-9 409 37-6 437 44-3 393 38-2 42-3 43-0 48-2
OBnmon 21-8 24-1 19-8 19-3 18-2 22-8 23-6 20-6 19-8 181

Overweight (BMI 25-0—29~9kg/m2) and obesity (BMI 230-0kg/m2) classification based on WHO international
classification.; BF% (body fat percentage) - Men: 25%; Women: 30%; WC (waist circumference) - Men: 90cm;

Women: 80cm; OWp oy (BMI 23-0-27-4kg/m?2) and OByjoy (BMI 227-5kg/m2) classification uses the
Singapore MOH Clinical Practice Guidelines BMI classification.

4. Discussion

4-1 Percentage Body Fat

In this study, we established the relationship between BMI and BF% in Singapore Chinese, Malay and
Indian adults. We compared the estimated BF% with other ethnicity, and also with an earlier study on
Singapore population from 20 years ago. Comparing among ethnicities, Singapore Chinese, Malays, and
Indians are found to have higher BF% compared to Caucasian. This supports the findings from the
Singapore study in 2000 (17) and other reports that some Asians population have greater fat mass than
Caucasians(31-34). However, there are other contrasting findings from other Asian populations, such as
Vietnamese(30) and Polynesian(35) population that for similar sex, age, and BMI, the BF% was lower
compared to Caucasians — showing the ethnic diversity in percentage body fat in Asia.
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Our finding updates the 2000 report (17) in that current cohort of Singaporeans have higher BF% at
matching BMI, age and sex compared to the cohort from 20 years ago, except within the high BMI
range(35-40kg/m?) and Malay men at BMI 18-5kg/m?(17). In our study, Indians have the highest BF%,
followed by the Chinese, then Malays. The 2000 study reported that Indians had the highest BF%, but with
Chinese having the lowest BF%(17). The difference in BF% among different ethnic groups in the same
population was previously reported(34). The changes among Singaporeans may be due to changes in
energy balance. Average daily energy intake increased 10-3% from 2004 to 2010 with majority (59-4%) of
the population exceeding the daily recommended energy intake(36). This increase in energy intake was
not offset by the subsequent 5% reduction in average daily energy intake between 2010 to 2018(37). The
Chinese (578kcal) had the highest increase in energy intake (Malay: 533kcal; Indians; 429kcal)(36), which
could explain Chinese overtaking the Malays in BF% ranking.

4-2 Prevalence of overweight and obesity

The prevalence of overweight and obesity of Singaporeans, classified using WHO international BMI
categories, are 33-9% (men: 37-:6%; women: 31-:2%) and 9-:5% (men: 9-:6%; women: 9-4%) respectively.
However, using the Singapore Health Ministry BMI cut-off, the prevalence of overweight increase to 42-8%
(men: 45-4%; women 40-9%), and obesity 21-8% (men: 21-8%; women: 21-8%). When adopting BF%
criteria (>25% in men and >35% in women), obesity prevalence was substantially higher at 83-:2% (men:
81-2%; women: 84-7%). The corresponding high prevalence of WC>80cm for men and >90 cm for women
suggest that central obesity account for much of this excess body fat in our population. Such substantial
increase in prevalence with BF% criteria had also been reported in the Vietnamese(30). It is well-known
that BMI, though highly specific, has low to moderate sensitivity when defining obesity and underestimate
prevalence of adult excess body fat, particularly in Asians(30, 38). While the Chinese and Koreans have
proposed population-specific BF% cut-off(32, 39), there is yet no Asian consensus in BF% cut-off point.
Our finding is a step towards such a consensus.

A previous study reported that the lowest all-cause mortality rate in Singapore Chinese was at BMI 18-5-
19-9kg/m?, with mortality rate significantly increased at BMI 326-0kg/m? for non-smokers(40), which is
lower than the WHO Asian recommendation(10). Using our derived equation, BF% at BMI 18-5-19-9kg/m?
equates to 20-9-23-2% in Chinese men and 32-8-34-8% in Chinese women aged 50 years. At BMI 26kg/m?,
BF% equates to 30:4% in Chinese men and 40-9% in Chinese women, which is about 5% higher than the
WHO BF% cut-off. Using the criteria of BF% 330-:4% in men and 240-9% in women, 45% of men and 44% of
women have increased mortality risk. These estimates are much higher than the prevalence based on
BMI 230kg/m?, but much lower than using the WHO BF% cutoff. Differences in prevalence based on BMI
is expected because the relationship between BMI and body fat content varies according to body build
and proportion(12). People with low relative sitting height will have a relatively low BMI compared to their
BF%(41), but our Asian population have high relative sitting height(42). The smaller body frame of
Singapore Chinese partially contributed to their having higher BF% at the same BMI(42). Physical
inactivity is likely another contributing factor. The 2010 National Health Survey found 39-1% of
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Singaporeans did not meet the recommended physical activity guidelines(20). The increase in energy
intake and lack of physical activity could explain the high BF% in Singaporeans. Such high BF% in
Singaporeans may explain the leading contribution of cardiovascular disease and cancer to disease
burden(19). Our study suggests that WHO international and local Health Ministry BMI classification still
underestimated the obesity prevalence in Singapore(17). Given the high discrepancy between prevalence
of obesity using BMI versus BF%, the prediction equations for BF% from BMI provides a basis and
impetus towards establishing healthy body fat ranges in Singapore.

4-3 Strength and limitation

The strengths of this study are its population-based, random selection of participants and hence
representativeness and validity of data. The ideal method to determine body composition is the multi-
compartment model(29), however such method is inaccessible, expensive and require participants to
undergo multiple test. DXA, though may have its limitations, has been used in multiple national
population surveys and considered the “gold standard” for measuring body composition parameters(30,
43). There are some limitations to this study. A thorough investigation into the nutrition intake and
physical activity may help understand the large discrepancy between BMI and BF%. The ideal approach
to define threshold for obesity is based on the relationship between BF%, all-cause and cause-specific
mortality in a long-term prospective study.

In conclusion, our study found a large discrepancy between BF% and BMI measurement in Singaporean
adults. The results confirmed that Singaporean adults have higher BF% at lower BMI compared to
Caucasians and that BF% in our population have also increased over two decades. Further investigation
into the body build, nutrition intake, physical activity level among the different ethnic groups may help
understand the relationship between BF% and BMI.
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Figure 1
(A) Curvilinear relationship between BF% versus BMI (B) Linearize relationship between BF% and 1/BMl in

women; y =-547.66 (x) + 62.696; R2 = 0.52 (C) Linearize relationship between BF% and 1/BMI in men;y =
-545.14 (x) + 52.181; R2=0.42
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